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1. Bidens pilosa L. var.
radiata (Bl.) Sherff
2. Ageratum houstonianun
Mill.
3. Crasscephalum crepidioides
(Benths.) S. Moore
4. Amaranthus viridis L.
5. Broussonetia papyrifera L.
6. Ficus microcarpa L.
1. PAHs
16 PAHs
CHEM SERVICE
99.0% naphthalene

acenaphylene acenaphthene fluorine
phenanthrene anthracene
fluoranthene pyrene benzoanthracene
chrysene benzo(b)fluoranthene
benzo(k)fluoranthene benzo(a) pyrene
dibenzoanthracene  benzoperylene

indenopyrene
2.PAHs 1000 pg/mL
16  PAHs
100 mL 10 ppm
10 ppm 10 mL
100 mL
100 mL 1 ppm
1 ppm 2 4 6 8
10 mL 10 mL
10 mL
0.2 04 06
0.8 1.0 pg/mL
3. acetonitrile
CH3;CN HPLC Merck

dichloromethane CH,ClI,
cyclohexane AR
n-hexane, AR
Mallinckrodt silica gel
100-200mesh Aldrich

AR
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florisil
mL SUPELCO
aluminum oxide 70-230 mesh
sodium sulfate, Na,SO4

1000 mg/6

Merck
1.
2049 100
mL CH,CI, 1
Whatman No.1
20 mL
1
209
5
mL n-hexane
2.
(D) florisil solid

phase extraction, SPE
florisil cartridge, 1000 mg/6

mL 3 mL
3 mL 3 mL
methanol 3-5mL/min
5 mL
15 mL PAHs
1mL 0.45 um
HPLC
2 (C)
2cm 549
79 silica gel
100-200 mesh
deactive 15% H,O v/w
59 10 mL
cyclohexane
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10 mL
100 mL
1mL 0.45 pm
HPLC
©) Howsam %
2cm 59
79 aluminum
oxide 75-230 mesh
5% viw 59
10 mL
50 mL 3
1mL 0.45
pm HPLC
3.
16 PAHs acenaphylene
uv
230nm 15 PAHs
2
HPLC: 1100
Column: Vydac Cyg 5um (4.6mm x 250mm)
Mobile phase:
Flow rate: 1.5 mL/min
Gradient:

At2min 60% CH3CN (in H,0)
At15min 100% CH3CN (in H;0)
At225min  100% CH3CN (in H,0)
At23min  60% CH3CN (in H,0)
Detector: UV (230nm), Fluorescence

PAHs

PAHs

47

2 2005

PAHs
(1) 1995 5
) 2000 5
3) 2000 9
(4) 1976
PAHs
PAHs 2000
PAHs
10
(1)
10-20
(2)
3) 20
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16 ( )
Fig. 1. Standard curves of the 16 polycyclic aromatic hydrocarbons (PAHs) analyzed by
HPLC.
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16
Fig. 1. Standard curves of the 16 polycyclic aromatic hydrocarbons (PAHs) analyzed by
HPLC. (cont'd).
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16 (@ (b)

Fig. 2. HPLC chromatograms of 16 polycyclic aromatic hydrocarbons (PAHSs). (a)
Fluorescence detector, (b) UV detector.
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0.2 ppm 0.4 ppm 0.6

ppm 0.8ppm 1.0 ppm 16
PAHs 10uL
HPLC
16  PAHs
R 0.9950-
0.9999
1.0ug
16 PAHs
PAHs

47 2

2005

PAHs

74.1%

acenaphthene

PAHs

9.1-14.8 %

PAHs

blank

38.4-
naphthalene acenaphylene
phenanthrene PAH

Table 1. Recovery rates (%) of polycyclic aromatic hydrocarbons (PAHS) in leaves of Bidens

pilosa var. radiata using different cleanup methods

Recovery (%) V

PAR Florisil SPE Silica gel column Aluminum oxide column
naphthalene 2 35.7+11.4 50.5 + 4.9
acenaphylene 57.9+21
acenaphthene 53.6 + 10.1 63.6+1.9
fluorene 38.5+10.3 48.7+ 8.7 50.8+19
phenanthrene 51.3+74 69.1+1.8
anthracene 38.4+11.0 49.8+9.2 69.8+2.1
fluoranthene 45.3+14.8 51674 68.0+ 2.8
pyrene 69.7 + 10.8 59.7+ 8.3 73.7+22
benzoanthracene 56.4+12.1 61.3+£6.0 79.9+ 18
chrysene 71.3+12.7 67.3+5.9 87.7+14
benzo(b)fluoranthene 68.1+11.3 68.3+ 6.5 83.6+22
benzo(k)fluoranthene 65.7+ 13.4 66.2 + 8.9 86.5+ 1.6
benzo(a)pyrene 66.3+9.1 69.8 + 6.6 820+ 1.6
dibenzoanthracene 69.1+14.9 67.1+7.9 89.9+1.0
benzoperylene 70.2+ 121 68.2+7.4 88.7+21
indenopyrene 741+ 14.3 65.7+ 8.1 84.7+ 28

Y All values are the mean recovery rate + standard deviation of 6 replicate analyses.
2 The noise of the equipment interfered with the reading.
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16 PAHs

49.8-91.9 %

1.3-48%

1.0 ug

16  PAHs

57.9-89.9 %
1.0-49%
16 PAHs
47.4-88.6 %
1.3-53%

PAHs

0.2 ug

0.2-2.0 ug
PAHs

Table 2. Recovery rates (%) of polycyclic aromatic hydrocarbons (PAHS) on Bidens pilosa L. var.
radiata |eaves spiked with various concentrations of 16 PAHs

Recovery (%) V

PAH
0.2 ug 1.0 ug 2.0 ug
naphthalene 474+ 6.0 50.5+ 4.9 49.8 + 4.8
acenaphylene 528+ 5.3 579+21 55.7+ 2.2
acenaphthene 643+ 34 63.6+1.9 65.6 + 1.9
fluorene 641+ 29 598+ 1.9 60.8+ 1.8
phenanthrene 68.9+ 2.3 69.1+ 1.8 715+ 18
anthracene 634+ 1.7 69.8+ 2.1 704+ 23
fluoranthene 69.0+ 3.1 68.0+ 2.8 689+ 2.8
pyrene 705+ 2.2 73.7+2.2 77.7+ 2.2
benzoanthracene 76.6 + 2.3 799+18 799+ 1.8
chrysene 776+ 2.0 87.7+1.4 87.7+ 14
benzo(b)fluoranthene 83.2+ 1.8 83.6+22 83.6+ 2.2
benzo(k)fluoranthene 83.2+ 1.6 86.5+ 1.6 88.4+ 1.3
benzo(a)pyrene 799+ 2.1 820+ 25 84.7+ 21
dibenzoanthracene 88.6+ 1.3 89.9+10 919+ 15
benzoperylene 86.9+ 4.7 88.7+21 89.3+ 2.2
indenopyrene 859+ 3.7 84.7+ 2.8 86.4+ 2.7

Y All values are the mean recovery rate + standard deviation of 6 replicate analyses.
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16 PAHSs retention
6 3 time
blank 1.0 ug
6
[x]

(@) (b)
Fig. 3. HPLC chromatograms of blank Bidens pilosa var. radiata (a) and Broussonetia
papyrifera (b). Dotted line, standard; black line, blank.
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1 ug PAHs (%)
Table 3. Recovery rates of 16 polycyclic aromatic hydrocarbons (PAHS) on various plant leaves
spiked with 1 ng of each PAH

Water Recovery(%) Y
PAHs lublity Bidenspilosa Ageratum Amaranthus Crasscephalum Broussonetia Ficus

(mgfl) var. radiata houstonianun  viridis crepidioides  papyrifera microcarpa
naphthalene 317 505+4.92 583+43 284+143 625+43 461+46 461+45
acenaphylene 3.42 579+21 602+39 490+44 608+45 469+20 453+31
acenaphthene 3.26 63.6+19 615+42 451+46 622+38 486+16 475+3.0
fluorene 1.98 508+19 634+44 433+57 840+48 498+19 73.2+30
phenanthrene 1.29 69.1+18 716+19 471+42 87.8+37 531+32 706+40
anthracene 0.45 69.8+21 709+23 450+40 67.6+39 531+30 729+37
fluoranthene 0.26 68.0+28 812+14 455+39 81.7+37 543+33 782+39
pyrene 0135 73.7+22 778+14 492+50 836+35 547+36 751+38
benzoanthracene 0.0057 79.9+18 820+12 550+42 841+41 768+25 77.2+38
chrysene 0.0051 87.7+14 822+14 586+44 855+39 743+22 76.7+40

benzo(b)fluoranthene 0.014 83.6+22 883+15 584+49 901+36 741+23 808+4.1
benzo(k)fluoranthene 0.0043 86.5+16 856+16 60.0+49 899+41 786+0.8 81.4+39

benzo(a)pyrene 0.0038 820+25 855+19 579+3.0 89.6+43 787+24 788+36
dibenzoanthracene 0.0023 899+10 904+14 712+41 939+46 759+25 80.3+39
benzoperylene 0.0012 88.7+21 881+21 650+58 921+41 816+40 775+4.2
indenopyrene 0.00053 84.7+28 884+12 602+58 93.1+25 722+33 80.8+35

D Leaf samples were spiked with 1 pg of each of the 16 PAHSs.
3 All values are the mean recovery rate + standard deviation of 6 replicate analyses.

PAHs
Table 4. Detection limits for the 16 polycyclic
aromatic hydrocarbon (PAH) mixture

PAHs 5 PAH Detection limit (ng g™)
naphthalene 7.23
acenaphylene 8.21
acenaphthene 431
fluorene 5.19
16 PAHs phenanthrene 2.82
PAHs benzo(b) anthracene 3.56
fluoranthene benzo(k)fluoranthene benzo(a) fluoranthene 2.74
pyrene dibenzoanthracene pyrene 3.88
benzoperylene  indenopyrene  benzo(a)  benzoanthracene 2.82
pyrene PAHS chrysene 1.96
5 benzo(b)fluoranthene 2.29
benzo(k)fluoranthene 1.27
78.7-89.6% 1.9-4.3% benzo(a)pyrene 365
dibenzoanthracene 2.70
benzo(a)pyrene benzoperylene 1.86

16 PAHs indenopyrene 2.63
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PAHs
PAHs 2000 PAHs
2000 5 9
PAHs
PAHs
16 6 PAHs 12 5
37.5% 5 PAHs 41.7 %
1 PAH 4 1
phenanthrene 8.64-40.14 ng/g PAH  phenanthrene 22.53-
chrysene 4.62-8.96 ng/g 49.22 ngl/g pyrene 3.99-
benzo(a)pyrene 13.57 ng/g chrysene
PAHs 5.43-13.54 ng/g
1995 5 PAHs
PAHs 5 4 PAHs
PAHs 3
1 PAHs 5 PAHs Alfani
PAHs PAHSs @ PAHSs
PAHs
16 1 Hwang @2
PAHs 1998
PAHs

Table 5. Number of leaf samples contaminated with polycyclic aromatic hydrocarbons (PAHS) in
different polluted areas

Wenshanindnerator  Houli incinerator Sjhouincinerator  Toufenindudtrid park
Species No.of No.of No.of No.of No.of No.of No.of No.of
samples samples samples samples samples samples samples samples
analyzed polluted analyzed polluted analyzed polluted analyzed polluted
Bidens pilosa 5 5 5 0 5 0 5 4
var. radiata
Ageratum 0 3 0 3 0 2 0
houstonianun
Crasscgp_hr_:ll um 1) 5 0 1 0
crepidioides
Broussor_1et|a 0 4 0 5 0 3 0
papyrifera
Ficus 1 2 0 2 1
microcar pa
Total 16 6 16 0 11 0 12 5

1)

. Species does not exist in the sampled area.
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ABSTRACT

Lee, Y. H.%% Shyu, T. H.: Li, G. C.%, and Chen? M. Y. 2005. Development of a
high-per formance liquid chromatographic method for detecting contents of 16
polycyclic aromatic hydrocarbons in leaves. Plant Prot. Bull. 47: 155-168. (* Plant
Toxicology Division, Taiwan Agricultural Chemicals and Toxic Substances Research
Institute, Council of Agriculture, Wufeng, Taichung 413, Taiwan (ROC); % Department
of Life Sciences, National Chung-Hsing University, Taichung 402, Taiwan (ROC))

A precise method was developed for detecting 16 polycyclic aromatic
hydrocarbons (PAHSs) by high-performance liquid chromatography (HPLC) with a
fluorescence and UV detector. Leaf samples were extracted with a dichloromethane
solvent. The extract was then cleaned up using an aluminum oxide column before
being subjected to HPLC analysis. The correlation coefficients of the linear standard
curves of the 16 PAHs were 0.9950-0.9999. Recovery rates of the 16 PAHs ranged
47.4%-88.6%, 50.5%-89.9%, and 49.8%-91.9% at spiked levels of 0.2, 1.0, and 2.0
Mg, respectively. Based on the developed method, all 16 PAHs could successfully be
simultaneously determined from leaves of Bidens pilosa var. radiata, Ageratum
houstonianun, Crasscephalum crepidioides, Broussonetia papyrifera, and Ficus
microcarpa. When the method was applied to 55 leaf samples from different sites in
the vicinity of pollution sources, PAHs concentrations were detected on 11 samples.
Bidens pilosa var. radiata accumulated higher levels of PAHs than the other species.
It is a widespread plant and is relatively tolerant of PAHs. It may be a suitable
naturalized species in Taiwan for monitoring atmospheric PAHs pollution.

(Key words: polycyclic aromatic hydrocarbons (PAHSs), analysis, Bidens pilosa var.
radiata, leaves)
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